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Abstract

Purpose To report a unique case of incomplete CES following a rebar penetrating injury in perineal region with retro-pulsed
fragment, which was treated with anterior approach and discuss suitable surgical approach.

Methods Incomplete cauda equina syndrome caused by non-missile penetrating injury is extremely rare. A 26-year-old male
patient presented incomplete cauda equina syndrome due to a penetrating rebar wound from his perineal region to the lum-
bosacral spine. Computed tomography demonstrated a bony fragment broken from S1 body compressing into the spinal canal.
Results By anterior approach, we performed partial corpectomy of L5, decompression by retrieving the bony fragment and
L5-S1 interbody fusion. The patient had a significant recovery, and no clinical complication was found after over 2-year
follow-up.

Conclusion It is challenging to determine the optimal strategy of surgical treatment for penetrating spinal injuries with
retained foreign bodies, here we suggest an anterior approach situation that has the advantage of being able to effectively
perform decompression and prevent iatrogenic damages of thecal sac and nerve rootlets.

Keywords Penetrating injury - Lumbosacral spine trauma - Stab wound - Incomplete cauda equina syndrome - Anterior
approach
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CES Cauda equina syndrome
CSF Cerebrospinal fluid

CT  Computed tomography

MRI Magnetic resonance imaging
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hematoma, neoplasm, trauma, complication after chemonu-
cleolysis, and penetrating injuries have also been identified
[1,3].

Penetrating injuries are less commonly reported as the
cause of the CES. The gunshot or stab wound is the main
type of penetrating spinal injury. Spinal gunshot injuries are
more frequently reported and have a higher prevalence of
neurologic impairment. On the other hand, neurologic dam-
age following the stab wound has been reported extremely
rare in the clinical circumstance, but the prognosis of surgi-
cal approach was reported with better neurologic recovery
[4, 5].

CES requires urgent surgical decompression, and central
lumbar disc herniation, which is the most common cause
of CES, is most sufficiently decompressed with posterior
laminectomy. However, if the structure, located in front of
the dura mater, is solid and large, isolated posterior decom-
pression does not allow for complete neurologic recovery
and the operator should consider additional iatrogenic dural
tear and complication because of dural compression [2, 6].

Especially, if traumatic spinal injuries with retro-pulsed
fragments and incomplete neurologic deficits have been
decompressed with posterior laminectomy only, unrelieved
tension on nerve root progress neurologic deficit by bow-
string effect of tethered spinal cord [7, 9, 10].

However, there was no definitive study between anterior
and posterior surgery, whether one approach is over the
other or not and sometimes combined surgery should be
considered. Optimal treatment strategy should consider the
patient’s circumstance including injury mechanism, stability
of posterior osteoligamentous structure.

So, here we report a unique case of incomplete CES fol-
lowing a rebar penetrating injury in perineal region with
retro-pulsed fragment, which was treated with anterior
approach and discuss suitable surgical approach for the bony
fragment with literature review.

Case report

A 26-year-old male patient presented to our hospital after
falling from a height of one meter to a rebar which verti-
cally penetrated his perineal region (Fig. 1). The emergency
rescue team had found him fall down on the steel ground
bar, and they could not remove the rebar, which had been
too firmly fixed on the ground. The rescue team had found
there was no fluid leakage and active bloody discharge, so
they decided to rescue him by standing up from the rebar and
took him to our emergency department as soon as possible.

On neurologic examination, voluntary anal contracture
was absent and deep anal sense was markedly decreased.
Voluntary urination function was also lost. Other motor
and sensory functions were preserved as normal. This
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Fig. 1 Penetrating stab wound due to a rebar crossing the perineal
region

patient had no significant accompanying injury such as
abdominal or urethral lesion, according to relevant special-
ists’ assessment at that time.

Computed tomography (CT) showed that the rebar pen-
etrated the posterior margin of S1 body, broke a cylindri-
cal bony fragment (20 X 15x13 mm sized) and this foreign
body anteriorly compressed the thecal sac at the level of
the fifth lumbar vertebral body on magnetic resonance
imaging (MRI) (Fig. 2).

Finally, we diagnosed the patient as incomplete CES
and performed decompression surgery within 8 h after the
patient had got an injury. The surgery had taken 3 h 40 min
including autogenous fibular strut bone harvest surgery,
and there was 1.902L of estimated blood loss.

We performed anterior approach (trans-abdominal
approach) with microscopic magnification and partial cor-
pectomy of L5 for retrieval window (21 X 16x14 mm) of
the bony fragment of S1 (20 X 15x13 mm) and autogenous
fibular strut bone graft (Fig. 3).

The rebar penetrated the posterior longitudinal liga-
ment and outer layer of ligamentum flavum between the
interlaminar space of L5 and S1 to the right side of the
spinous process and tip of the L4 spinous process. Bony
fragment of tip of the L4 spinous process was translated
to L3 spinous process level. However, we found there was
almost no damage to the dura or the cerebrospinal fluid
(CSF) leakage. After the decompression, we performed
interbody fusion between L5 and S1 using autogenous
fibular strut bone graft with a fragmentary screw and bone
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Fig.2 Computed tomography demonstrated the bony fragment com-
presses the thecal sac into the spinal canal: A Bony fragment of S1
dislocated into the spinal canal in the sagittal image; B bony fragment

Fig.3 L5 corpectomy and
autogenous fibular strut bone
graft were performed with
anterior approach: A Fibular
strut bone graft maintained lum-
bosacral angle in sagittal image;
B anteroposterior alignment
was maintained with fibular
strut bone graft in AP image; C
spinal canal decompressed and
lumbosacral angle maintained
in the sagittal T2-weighted
MRI image; D spinal canal
completely decompressed
without bony fragment in the
axial T2-weighted magnetic
resonance imaging

compressed the thecal sac in the axial image; C 20X 15x13 mm sized
bony fragment was removed
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graft using retrieved bony fragment on the bone defect site
of L5 partial corpectomy (Fig. 4).

The voluntary anal contraction markedly improved imme-
diate postoperatively and voluntary urination was possible at
4 weeks after the surgery. We did recommend absolute bed
rest for 2 weeks and prescribe a low back brace for 6 weeks.
The patient had started a walk with a manual wheelchair
after absolute bed rest and had a walk by himself after 3 days
of manual wheelchair without subsidence of autogenous fib-
ular bone graft. We did check immediate postoperative CT
and follow-up simple X-ray that showed little subsidence of
autogenous fibular strut bone graft. We took an MRI for con-
firmation of expansion and decompression of cauda equina;
however, we did not take a following up CT for checking
bony healing and fusion. We kept following up the patient
for over 2 years and identified no clinical complication. The
regular X-ray showed a little subsidence of autogenous fibu-
lar strut bone graft, but the stability and lumbar lordosis
were still well aligned (Fig. 5).

Fig.4 A Sagittal and B axial
view on preoperative computed
tomography; C three-dimen-
sional sagittal and D axial view
on computed tomography after
operation
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Discussion

The most frequent causes of spinal injuries include falls,
motor vehicle accidents, and sports-related mishaps. Com-
pared to those brought on by physical trauma, penetrating
spinal injuries are rather uncommon [5], the most typical
causes are bullets and knives. However, spinal injuries by
penetrating rebar are extremely rare and only one case
reported in the literature review. Zhou, Z. S. reported a
similar case through the same mechanism, and the case
was performed with a posterior approach. On the other
hand, we report a unique case of CES following a rebar
penetrating injury in the perineal region with a retro-
pulsed fragment, which was decompressed with anterior
approach [10].

CES is a complex neurologic disorder and is managed
as a surgical emergency. Traumatic cauda equina injuries
are the most frequent cause of abrupt and acute neurologic
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Fig.5 A Lateral and B
anteroposterior view of 2-year
follow-up X-ray showed little
subsidence of autogenous
fibular strut bone graft, but the
stability and lumbar lordosis
were still well aligned

deterioration. Assessment should be made to identify
lower extremity sensitivity and motor impairments dur-
ing the initial emergency evaluation [5].

On radiographic evaluation, regularly anterior/posterior
and lateral radiographs of the spine should be taken and
evaluated immediately. In these emergency situations, CT
is the ideal investigative modality and if the composition of
the grab is uncertain, especially when it is close to impor-
tant structures, or when the patient has a neurologic deficit
without the detection of the compression in the canal or a
trajectory across the canal, the role of magnetic resonance
imaging (MRI) is helpful [5, 11].

Immediate radiologic evaluation gives an insight for the
cause of CES including fractured bony anatomy, foreign
material, and tissue material like disc herniation, which
should be clearly defined and allows for more objective
judgements about stability and three-dimensional location
between canal and cauda equina before surgical decision.

After the evaluation and diagnosis were completed as
CES, the emergency surgical decompression was recom-
mended, especially diagnosed as incomplete syndrome.
However, the timing of surgery has been still controversial
[2,3,6,12-14].

According to a meta-analysis published in 2000, Ahn
et al. performed meta-analysis of 332 CES cases using
logistic regression analysis. This literature suggested that
there was no evidence of neurologic improvement in surgical
outcome between patients treated before 24 h and patients
treated within 2448 h, but there was a significant improve-
ment of CES symptoms of patients who were treated within
48 h [6].

However, Kohles et al. reported a concern with a weak
methodology, misinterpretation, and quantitative compari-
son of Ahn’s published meta-analysis, in 2000, which led
to elevated observed risk of delayed surgery (24 to 48 h).
Especially, they emphasize prompt surgical intervention for

the injured nerve tissue, which progress slowly deteriorates
by swelling and tightening of nerves [13].

In 2005, Todd N.V. had studied a meta-analysis of decom-
pression time with internal comparison and suggested
patients who were treated less than 24 h expected more suf-
ficient recovery from bladder dysfunction [7].

However, limitations of Todd’s meta-analysis were men-
tioned as inappropriate summary statistics and compared
different clinical studies, which some studies are clinically
heterogeneous studies and other studies are fixed effects
models [14].

Chau, A.M. et al. reported meta-analysis of timing of
surgical intervention of 374 animal and 2802 human clini-
cal studies in 2014 and concluded there was no evidence of
treating patient within 48 h after injury, but early and delayed
surgery may improve neurologic deficits, and according to
biological progress of nerve injury, which deteriorated in
a continuous manner, the earlier intervention may result in
more clinical improvement of neurologic deficit [14].

Compared with published literature, we performed ante-
rior decompression less than 24 h after onset of CES. Our
case patient had a surgical decompression within 8 h after
he had got an injury and we consider earlier decompres-
sion resulted in earlier neurologic recovery from the bladder
dysfunction.

The case patient presents incomplete CES symptoms with
a retro-pulsed fracture fragment of S1, which compressed
cauda equina anteriorly, and we consider a risk of infection
with penetrating injury in perineal region. So we decided to
perform anterior decompression with autogenous strut fibu-
lar bone graft. However, it is still challenging to determine
the optimal strategy of surgical treatment for CES patients.

According to the current literature, CES may be com-
monly caused by central lumbar disc herniation and requires
immediate surgical treatment with general manner of poste-
rior decompression. Patients, who have penetrated injury in
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lumbosacral region, are decompressed with posterior lami-
nectomy and fusion (Table 1); [1-6, 10, 15-19]

Posterior approach widely was recommended for degen-
erative diseases, which are disc herniation, spinal stenosis,
segmental instability, and pseudo-arthrosis. One of the
advantages of posterior approach is the most familiar sur-
gical technique to spinal surgeons, who are well trained.
Second is posterior surgery provides excellent access to
the nerve root entrapment and allows for posterior fusion
through a single incision. However, surgeon should con-
sider the iatrogenic paraspinal muscle injury with prolonged
retraction and hard structures, which compress dura ante-
riorly, does not allow for thecal sac decompression with
isolated posterior laminectomy, which is associated with
bowstring effects of neural tethering. Furthermore, incom-
plete reduction and neurologic recovery may need additional
anterior decompression [7, 9, 19].

On the other hand, anterior approach was recommended
for infection and tumor removal, neural decompression,
deformity reconstruction, and spine fusion. One of the
advantages of anterior approach is excellent exposure of disc
space, which permits rapid endplate preparation. Second is
anterior surgery facilitates large implant insertion, which
allows for correction of lordosis and foraminal height and
may lead to high fusion rate [19].

Kirkpatrick et al. reported patients with incomplete defi-
cit, especially those with a large retro-pulsed fragment and
marked canal compromised was recommended with ante-
rior decompression to provide adequate visualization of the
anterior aspect of dura mater in traumatic thoracolumbar
fracture and Kingwell, S.P. reported anterior decompression
may offer potential benefits in terms of bladder recovery in
traumatic injury of cauda equine [7, 20, 21].

However, surgeons should consider a patient’s history
of abdominal surgery, which causes adhesion of vascular
structure and vascular injury, which is the most devastating
complication of anterior approach, and Mobbs, R. J. reported
spondylolisthesis, which is more than grade 2, is contraindi-
cation of anterior approach if there was no posterior fusion
[19, 20].

Our case patients had trans-perineal penetrating trauma
with a large retro-pulsed fragment of S1, which com-
promised canal nearly complete compression of dura at
L5-S1. Firstly, if we perform posterior laminectomy, a
large retro-pulsed fragment may compromise neurologic
deficit due to the bowstring effect and does not allow for
complete removal of a fragment without iatrogenic dural
tear or additional facetectomy. Secondly, the rebar pene-
trated the outer layer of ligamentum flavum between inter-
laminar space of L5 and S1 to right side of L5 spinous
process and tip of the L4 spinous process without injury
of facet joint and posterior ligament complex of lumbar, so

we consider additional posterior surgery does not need for
fusion or instrumentation and finally, inserting cage could
be the risk factor of infection after penetrating injury.

So we perform a partial isolated corpectomy of the L5
vertebral body for removal of the fracture fragment of S1
through anterior approach, and after removal of fragment,
the compressed dura was completely expanded. We finally
confirm the stability after reinforcing L5 partial corpec-
tomy site with autogenous strut fibular bone graft.

In conclusion, incomplete CES caused by non-missile
penetrating injury is extremely rare, and as we know, this
is the first case of CES following a rebar penetrating injury
in perineal region, which was decompressed by anterior
approach in a literature review. Although the anterior
approach had a risk of vascular injury, posterior decom-
pression does not allow for complete neurologic recovery
in a retro-pulsed fragment due to bowstring effect of neural
tethering. Here, we suggest that anterior approach of sacral
lesion with retro-pulsed fragment to overcome the poten-
tial risk of neurologic injuries anteriorly, as well as to
effectively perform decompression and prevent iatrogenic
injuries of thecal sac and nerve rootlets.
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